I. A study was made of the assay of available lysine and available methionine using Tetrahymena pyriformis W, as applied to a variety of protein-rich feedstuffs.
Methods

Rat growth assays
The biological availability of lysine in ten of the test proteins was determined by the method described by Bjarnason & Carpenter (1969) and used by them to determine the biological availability of lysine in a variety of heat-damaged proteins. The potencies of the test proteins as sources of lysine were estimated by the slope-ratio technique described by Finney (1964).
Chemical assays for available lydne
The FDNB-lysine values were determined by the method of Carpenter (1960) except that the hydrolysis of the FDNB-protein complex was done using 8.1 M-hydrochloric acid, as recommended by Booth (1971).
Microbiological assay procedures
I. Assay of available lysine with Tetrahymena : preliminary tests
The assay procedure used in preliminary tests was that of Stott & Smith (1966).
The procedure for counting the numbers of organisms in the test cultures was modified; a camera attachment was fitted to the eyepiece of the microscope and each haemocytometer slide was photographed. The organisms shown on each photograph were counted with the aid of a digital counter with a marking pen attachment. This provided a simpler method of marking the cells on each photograph and counting the total numbers marked (Shorrock, 1972 Assay medium. The assay medium consisted of two stock solutions, the basal medium and the amino acid supplement. The composition of the basal medium was the same as that described by Stott & Smith (1966) except that the constituents of solutions A, B, C, D and E, and glucose, were all dissolved into one solution which was made up at ten times the final strength. The amino acid supplement was also the same as that used by Stott & Smith (1966) and like the basal medium it was made up at ten times the final strength, omitting either lysine or methionine.
Enzymic predigestion of test samples. In a series of tests on the effect of enzymic predigestion of the test proteins on the available lysine values, the following procedures were used.
Papain predigestion was done using 2 ml of a 40 mg/ml suspension of crude papain (BDH Chemicals Ltd, Poole, Dorset) 
Assay of total lysine with Pediococcus cerevisiae P60
The assay procedure was that of Barton-Wright (1963), except that the basal medium was modified by substituting the amino acid mixture used in the Strep.
xymogenes assay procedure for that recommended by Barton-Wright (1963). Growth responses were determined titrimetrically.
et aE. (1975).
E X P E R I M E N T A L A N D RESULTS
Results of the preliminary tests. values from chick growth tests were 35 and 65 (Carpenter & Woodham, 1974) , and it seemed clear that the Tetrahymena assay underestimated the true biological availability of lysine in the test proteins.
Comparison of methods for measurement of gyowth response in the msays, using the modified assay procedure A major practical disadvantage of the Tetrahymena procedures has been the need for laborious microscopic counting of the cells in the test cultures. Microscopic cell counting is tedious and time-consuming and subject to error, because it is often difficult to distinguish between cells and particles of food in the cultures. Difficulties in filling the haemocytometer sometimes occur with cultures containing particles of undigested protein, and before counting it is essential to ensure that there is uniform distribution of the organisms on the haemocytometer grating.
One result of introducing an enzymic predigestion stage was that some of the test extracts were relatively clear and free from material in suspension. With these clearer extracts it seemed that it might often be possible to assess growth simply by measuring extinction values for the test cultures rather than by counting the cells. T o test this the available-lysine contents of five proteins, casein, CF, FM 101, GN and SB, were assessed both from measurement of extinction of the cultures and by counting the number of organisms. Only for GN (groundnut meal) was there any marked difference between results calculated by the two methods (extinction measurements, 54 g/kg crude protein (N x 6.25); cell counts, 36 g/kg crude protein). The extinction value was higher than that for total-lysine content and was clearly incorrect.
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Clearly for some high-protein feedstuffs, which left very little material in suspension after enzymic predigestion, it was possible to assess growth from extinction measurements of the test cultures rather than by the laborious and less precise procedure of cell counting. Thus, for FM, casein and SB the two methods gave closely similar results. (vitamins) , solution F (amino acids) and glucose, to prevent possible sugar-amino acid and sugar-vitamin interactions. Although they recommended separate sterilization they did not indicate whether this had any effect on the assay. T o test this point, two proteins (casein and WM 7) were assayed for available lysine using separate sterilization and ' all-in' sterilization of the culture-medium constituents.
Aseptic addition of culture-medium constituents
Separate sterilization gave better growth with the lysine standard and with casein, the difference at the upper limit of the standard range being 0.05 extinction units, equivalent to about 15 % extra growth. However, the method of sterilization had no significant effect on the assay results, Calculation of the available-lysine values for casein gave 74 and 76 g/kg crude protein after 'all-in' sterilization and after separate sterilization of the medium constituents respectively ; with WM 7, the corresponding values were 22 and 23 g/kg crude protein. 
1) Values from Ford & Salter (1966).
Influence of enzymic predigestiolia of the test samples Results given in Table 2 indicate the influence of predigestion of the test samples with pepsin or papain on the available-lysine values obtained, using 'all-in ' sterilization and extinction measurements, for casein, FM 101, WM I, W M 3 and W M 7 .
With all the samples except casein, the predigestion increased the available-lysine value. Pepsin and papain gave similar values, and increasing the period of incubation with papain from 3 to 5 h gave no consistent increase in the values.
Determination of available lysine in high-protein materials
From the preliminary tests a modified assay procedure was adopted, and used in the determination of available lysine in fifteen protein-rich feedstuffs. The test proteins were predigested for 3 h with papain and the assay was done in optically-matched test-tubes using ' all-in' sterilization. The results were calculated from extinction values, and are given in Table 3 , together with the corresponding FDNB-lysine values, and with values from rat growth assays, for eleven of the samples.
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Tetrahymena assay for available amino acids high, by the standard of microbiological assay. Thus, sixteen independent determinations of available lysine in FM IOI gave a mean value of 54 g/kg crude protein, and a coefficient of variation of 9.2. For FM 102, a poorly digestible material of low nutritional quality, the coefficient of variation was greater (14.6).
The values with Tetrahymena were closely correlated with those from rat growth assays (r 0-94, P < 0-OOI), as also were the FDNB-lysine values (r 0.93, P < 0.001).
The in vitro tests were about equally successful as predictors of the biological availability of lysine for the rat. The regression equations were as follows:
Rat assay value = -1-77 + 1-23 (Tetrahymena value), Rat assay value = -1441 + 1'34 (FDNB value) .
(1)
(2)
Total-lysine values showed no significant correlation with the rat bioassay results (r 0.61, not significant).
Determination of available methionine
The Tetrahymena assays were done using 'all-in' sterilization, and growth was calculated from extinction values. The test proteins were predigested for 3 h with papain. The results are given in Table 4 Both methods graded the whale meat meals in the same order, and both identified the poor-quality fish meal, FM 102. Although the remaining fish meals were broadly similar in quality, both methods indicated that FM I 13 was marginally superior.
D I S C U S S I O N
Comparison of the available-lysine values determined with Tetrahymena with and without enzymic predigestion indicated clearly that the test samples must be predigested in order to obtain results in reasonable agreement with rat assay and FDNB-lysine values.
The introduction of a predigestion stage into the assay procedure improved accuracy and, by giving clearer test extracts, allowed the use of extinction values as a measure of growth for some materials of high protein content. But with G N it proved necessary to assess growth by the cell counting method, and with some samples of SB the test digests were distinctly turbid and it was clearly not permissible to assess growth photometrically. Shepherd, Taylor & Wilton (1975) found that it was possible to determine growth of Tetrahymena by the estimation of tetrahymanol, a specific sterol produced by the organism. This is a promising development, but the assay of tetrahymanol prolongs and complicates the assay procedure. The same workers also found that in order to obtain available-lysine values in agreement with values obtained by chick bioassay it was essential to predigest the test samples with a protease (pronase).
Although the coefficient of variation for available-Iysine values as measured with Tetrahymena was greater than that reported by Booth (1971) for the FDNB procedure (3.8), the microbiological test has the advantage that it does not tend to over-estimate the availability of lysine in heat-damaged proteins. Ford (1964) commented on this apparent tendency. He pointed out that the chemical test takes no account of digestibility and suggested that Iysine moieties reacting as 'available' in the chemical test might remain in indigestible peptide residues and be unavailable to the animal.
Tetrahymena and Strep. xymogenes gave essentially the same values for available methionine, but the Stre?. xymogenes method offers several advantages. It is quicker (48 h a. 96 h) and it is more easily applied to samples rich in carbohydrate, as growth can be assessed not only from the extinction measurements but also from the acid produced during the growth of the test cultures. The Strep. xymogenes test is also more sensitive, but Tetrahymena offers the compensating advantage that it can be used to measure both lysine and methionine in the same test extract.
VOl. 35
Tetrahymena assay far available amino acids 341
The experiments described above using a modified Tetrahymena procedure are encouraging in that the values reported are in general agreement with published work on the available amino acid values of a similar range of proteins (cf. Boyne, Price, Rosen & Stott, 1967) . In general, the findings indicate that the Tetrahymena assay can predict accurately the results of growth tests with rats but it would be premature to recommend the present assay procedure for routine use. Further development is still needed, and in particular, the problem of finding a quicker alternative to cell counting remains to be solved.
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